The paper addresses an important research approach in the area of user interface development tools, namely to discover helpful, unobtrusive, structured, and organised ways to integrate the use of guidelines, standards, and style guides into the development tools. The aim of this research approach is to assist the user interface designer during the design process with the help of powerful design aid tools that will lead to user interfaces of high ergonomic quality; an important aspect for the end-users. Beimel et al 1992) . Therefore most of them were not able to apply standards, styleguides, or guidelines in the design process. A great amount of designers prefers computer based design aids, to overcome their lack of human factors expert knowledge. These design aids should be integrated in their design environment. So an important research goal in the area of interface design is to discover helpful, unobtrusive, structured, and organised ways to integrate human factors knowledge (e.g., how to apply human factors principles, guidelines, standards, stylepdes, and design rules in the design process) into the design environments without stifling creativity. To reach this research goal a GMD project called "User Interface Designer Assistance (IDA)" was started 1993 with the aim to develop design aid tools for user interface designers (Reiterer 1993 (Reiterer , 1993% 1994 
THE PROJECT USER INTERFACE DESIGN ASSISTANCE
Empirical results have shown that most user interface designers have no or only very limited knowledge about human factors for user interface design (Molich and Nielsen 1990, Beimel et al 1992) . Therefore most of them were not able to apply standards, styleguides, or guidelines in the design process. A great amount of designers prefers computer based design aids, to overcome their lack of human factors expert knowledge. These design aids should be integrated in their design environment. So an important research goal in the area of interface design is to discover helpful, unobtrusive, structured, and organised ways to integrate human factors knowledge (e.g., how to apply human factors principles, guidelines, standards, stylepdes, and design rules in the design process) into the design environments without stifling creativity. To reach this research goal a GMD project called "User Interface Designer Assistance (IDA)" was started 1993 with the aim to develop design aid tools for user interface designers (Reiterer 1993 (Reiterer , 1993% 1994 . The project belongs to the new GMD research domain: intelligent multimedia systems.
One goal of this new research domain is the development of multimedia-based enabling systems. Prototypes of all important results of this project are now available and can be demonstrated.
To realise the project results the GMD has established cooperations with scientific partners (Fachhochschule Darmstadt; University of BoM), with typical users of user interface development tools (Software AG, Darmstadc SAP AG, Walldorf; Hoechst AG, Franl<furt) and with compames producing UIMS (ISA GmbH; Concept asa, FradchtNSL, Paris). The aim of this coqeration is to develop the project results for specific application domains and to understand the day-to-day operational requirements and constraints placed on usef interface designers.
IMPORTANT CHARACTERISTICS OF THE PROJED IDA
Section 2 gives a short summary about the important characteristics of t h IDA project. In section 3 some selected project results are presented in more detail. Tk purpose ofthe design aid tools is to assist the user interface designers during the design process of the user interface. These design aid tools are integrated in the development tool (UIMS) of the user interface designers. The designers have direct access to human factors knowledge from their design environment.
The primary audience axe user interface designers using user interface development tools. Another important audence is the group of human factors specialists. They could use the design aid tools to assure that the human factors knowledge will be applied in the design process. It's obvious that the design aid tools could not substitute training in the area of human factors (e.g., workshops), but they are a good completion of this training process. The human factors specialists are also responsible for the maintenance of the human factors knowledge of the design aid tools. To reach standard compliance of user interfaces the human factors guidelines are summarised in a "Human Factors Style Guide", which is the foundation for the computer supported design aid tools. The content of this "Human Factors Style Guide" isn't restricted to constructor styleguides (e.g., OSF/MOTIF Style Guide, IBM Common User Access, MICROSOFT Windows Style Guide). It's based on a broader approach and includes user interface design requirements from the relevant international standards (e.g., IS0 9241) and the relevant research literature (e.g., Mayhew 1992, Smith and Moiser 1986) . The focus of the fmt version of the "Human Factors Style Guide" is on state of the art graphical user interfaces (GUIs). Research activities in tbe area of new user interfaces (e.g., multiuser, 3 -D, multimedia) of other projects of the GMD will be the basis to include new design principles and requirement in the "Human Factors Style Guide".
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The implementation type of the human factors guidelines is based on a combination of object-oriented, multimedia (text, sound, pictures, graphics, animation, videos) and knowledge-based techniques. The type of the design aid tools could be characterised as a hybrid combination of different tools: an object-oriented library of a UIMS, a multimedia tool, and an expert system. Important guideline facilities of the design aid tools are the possibilities to modlfy and expand the guidelines in the design aid tools. It's not planed to allow the users (interface designers) of the design aid tools to do this. It should be the job of the human factors specialist to maintain the human factors knowledge in the different design aid tools. The users of the design aid tools have the possibility to make annotations in the multimedia documents; to search by keyword or topic in the multimedia documents and in the library of interaction objects; to mod@ rules of the knowledge base depending on specd needs of the task or the end- will be included in commercial available user interface development tools. Figure 1 shows the architecture ofthe design aid tools and their integration in a User Interface Design Environment (UIDE). The integration of the design aid tools into the UIDE is important. Separate systems for construction and enabling have major deficiencies. If the argumentation of the enabling system is to serve design, it must do so by informing construction. This can happen only if construction and argumentation are explicitly linked in an integrated design environment.
DESIGN ASSISTANCE THROUGH DESIGN AID TOOLS
To present the Merent design aid tools to the designer in an integrated fashion a control panel called IDA has been realised, wluch is permanently placed on the screen. Figure 2 shows the IDA control panel placed over the UIMS and a small example of a GUI, which is shown under the UIMS. The IDA-CONSTRUCTION TOOL offers domain-oriented building blocks in a library, such as generic and domainspecific interface objects and dnlogue scripts. These interface objects and dialogue scripts have been designed in compliance with the "Human Factors Style Guide". With the help of information retrieval mechanisms the interface designers are able to search through a library for relevant interaction objects or dialogue scripts (templates) and use them as parts of the user interface. One mformation retrieval mechanism integrated in the IDA construction tool is a graphical browser, shown in figure 3. The browser is based on a semantic tree, structuring the templates. This structure differentiates the templates from a designer point of view and is based on typical tables of content which one can find in styleguides or guidelines. The designer has the possibility to browse through the library using the semantic tree structure finding a relevant interaction obfeel, because the presented visualisation can be used in the same way as the instance of the template. Figure 4 shows an example. In the left window (entitled "Modell ansehen") the look and feel of a template for typical data entry purposes is shown. In the right window (entitled "Regeln und Attribute") the attached dialogue scripts and important attributes are shown. The designer can now explore all important characteristics of the template, e.g., its look and button "Instantiieren" in the browser wmdow, see figure 3 ).
A dialogue box will appear p i n g the designer the opportunity to costumize the final look and feel of the instance of the template. For example in the dialogue box of figure 5 the designer can define the number of sections of a notebook, the number of pages of each section, the label of each tab, etc. This mechanism allows the designer to define the attributes of the instance of the template class in an interactive way. This instance will appear in the working area of the UIMS and can now be used in the construction process of the user interface. use a specific template, he can activate in a context-sensitive way the advice tool (pushing the button "Beratung" in the browser window, see figure 3 ).
The IDA-Advice Tool
The IDA-ADVICE TOOL has two functions. First it explains the short critique messages of the quality assurance tool in more detail (see section 3.3.). The information is presented with the help of multimedia documents in a graphical, textual and animated form.
The second function of the IDA-advice tool is to support the interface designers by giving global and context-sensitive advise of how to design human factors based graphical interfaces or how to use a specific interaction object.
Activating the context-sensitive advice the designer gets some information when and how to use the selected interaction object in the UIMS and what should be the ergonomic "look" and "feel" of this interaction object. The selected object could be a generic interaction object (e.g., push button, list box, edit text), an instance of a template or it could be part of a complex dialogue object. The necessary context information is transferred from the UIMS to the advice tool to select the relevant chapter of the multimeha advice system. The aim of the advice system is to determine an analogy between the examples of the adviser and the current task of the designer. The designers are aided in building an analogy by assuming that the presented example or information is relevant to their current task. If the designer wants deeper information, for example why the "look" and "feel" of a specific interaction object should be so, he gets it in a hypertextual form. After the activation of the advice tool the designer gets a short definition of the important features of the selected interaction object. Figure 6 shows a typical example of a multimedia document and the navigation functions. Each document includes lfferent navigation functions (menu items, pop-up menu, hot spots, hot lmks) which allows a ddTerentiated presentation of knowledge.
All important navigation functions are collected in a pop-up menu that w i l l appear after activating the right mouse button in a document (see figm 7). The query function allows a full text retrieval in all documents using wildcards. The IDA-QUALITY ASSURANCE TOOL identifies potential problems in the artifact being designed. It is able to detect and critique m a l solutions constructed by the interface designer. With the help of an expert system the knowledge is implemented in a knowledge base as interface objects and condition-action rules, which are tested whenever the designer asked for a quallty control. A very similar approach is found in Uwgren and Nordquist (1992). Using the rules of the knowledge base and controlled by an inference mechanism the expert system analysis the design process, not the individual user actions that resulted in the product. The results of the analytic cntiquing process are presented with the help of an explanation component 111 a special window shown in Figure 10 . The window of the explanation component contains a short description of all discovered ergonomic deficits (heading "ergonomische Abweichungen"), the source of the short description (heading "Quelle der Regel") and the identifier of the evaluated object (heading "Instanz des Designs") which contains some ergonomic deficits. Now the designer has three possibilities: If he needs further explanation of the comments, he can activate the IDA advice tool (pushing the button "Beratung"). If a specific template is available, the designer can activate the IDA construction tool (pushing the button "Konstruktion"). If the designer selects the identifier of an object, he can activate the object editor of the UIMS (double-cliclung the identifier) and can re-implement the interaction object that contains some ergonomic deficits. In some situations it is possible to change the detected deficits automatically. If tius is the case the designer can activate a separate dialogue box (activating the button "Automatische Aenderungen") whch gives him the opportunity to correct the deficit directly. The benefit for the designer is that he has not to bmmh in the e&tor of the UIMS re-implementing the faulty interaction object.
As an important feature of the quality assurance tool, the designer can costumize and extend the tool by m w i n g or adding interface objects, critique rules, and relationships.
This end-user modifiability allows for evolution of the design environment as human factor knowledge and design Rquirements change. Figure 11 shows the ddogue box for a rule modification. The dialogue box shows the actual value of the condition part of the rule (labelled "aktueller Wert in der Wissensbasis:"). The designer can now change this value in a special entry field (labelled "neuer Wert der Wissensbasis:"). After the rule modification the knowledge base will be updated. For all further design evaluations the designer can now use the updated knowledge base or he can also use the origlnal one.
conformance of the user interface with the humab factors knowledge (analytic critique). This passive form of quality assurance usually evaluates the (partial) product of the Figure 11 , IDA quality assurance tool de modification didogue box for It was not the intention of the IDA project to realise a more active form of quality control, where the changes that trigger a critique are operations that modify the design in the work area of the UIMS. When a design principle is violated in an active critiquing system, a critique would fire and display a critique in a message window. Active quality assurance (critique) exercise control over the intervention strategy by critiqumg a product or action at an appropriate time (Fischer et al. 1991 
OUTLOOK
Based on the co-operation with industrial partner's application domain specific prototypes of all design aid tools have been developed. The usefulness and usability of these prototypes will now be evaluated in the reahstic context of the application domains of the co-operating partners. The results of the evaluation process will be feedbacked in the development process of the design aid tools to improve them. It is also intended to develop a specific design aid tool supporting the design decision process. With the help of such a tool the rationale for the various user interface design decisions can be made explicit and recorded for later reference (Moran and Carroll 1994). Having access to an audit trail through the design rationale is important during iterative development. Since changes to the interface will often have to be made, it is helpful to know the reasons underlying the original design. Design rationales can be captured in a hypertext structure or with the help of video records of design meetings and selected user tests. It is planed to extent the IDA advice tool with special features for capturing design rationales based on a special repository includmg hypertext documents and videos.
